Introduction
Cancer stem cells (CSCs, also named tumor-initiating cells [TICs] or tumor-propagating cells [TPCs] ) are a small subsection of cancer cells which can self-renew and differentiate into heterogeneous tumor cells and are believed to be the culprit for tumor initiation, growth, and recurrence. Many CSCs have been identified from a variety of human tumors including brain cancer, melanoma, breast cancer, liver cancer, pancreatic cancer, colon cancer, prostate cancer, and ovarian cancer. 1, 2 Epigenetics have been found to have crucial function in cancer development as researches continue, which connect cancer cellular states and the tumor microenvironment in a tumor. Among gynecologic malignancies, ovarian cancer is the second most common and the first cause of death but it has the highest mortality rate. 3 Unfortunately, the majority of ovarian cancer patients who have complete remission by surgery and chemotherapy will ultimately have the cancer reoccur. Ovarian cancer stem cells (OCSCs) have been identified for more than a decade, and many kinds of OCSCs are thought to exist due to the variety of ovarian cancer subtypes or/and the heterogeneity within a tumor, and many surface markers of OCSCs have been targeted for therapy. CSCs are universally resistant to chemotherapy and radiotherapy; hence, immunotherapy is a promising approach for the elimination of CSCs, and a lot of clinical data can support the immunotherapy. Chimeric antigen receptor (CAR)-T cells are reconstructed T cells, which can use the receptors attached to themselves that can specifically recognize the specific antigen on cancer cells, CAR-T cells do not depend on HLA to kill cancer cells. HLA deficiency is a way of immune evasion for some cancer cells. The chimeric receptor is a designed receptor on T cell which does not depend on the T cell existing receptor. Anti-CSC CAR-T cells have been reported in some types of cancers, such as prostate cancer, 4 glioblastoma multiforme (GBM), 5 nasopharyngeal carcinoma, 6 and cholangiocarcinoma (CCA). 7 To date, only one study using CAR-natural killer (NK) cells to target OCSCs in vitro has been reported in a tiny but significant step in this field. 8 Targeting OCSCs to design CAR has the prerequisite of known antigens on OCSCs; hence, it is possible to construct CAR to combat ovarian cancer by targeting OCSCs. Based on the CSC model to explore ovarian cancers and the correlative epigenetic mechanism under this process, the current immunotherapies are reviewed here and the recapitulation of CAR-T cellular immunotherapy targeting OCSCs is also discussed in this context.
The conception of CSCs and OCSCs
CSCs are a subpopulation in a tumor which differentiate into CSCs and non-CSCs possessing self-renewal ability which can also survive in conventional therapy. They were first found in acute myeloid leukemia (AML) in 1997, termed as severe combined immunodeficiency (SCID) which can differentiate into leukemic blasts revealing the hierarchy organization of AML clone. 9 They have the characterization resembling normal stem cells, that is, differentiation into themselves and progeny cells with a slow cycling states. Traditional gene model means that tumor is a mutation of single gene cell subset. Indeed, a tumor does not contain sole single tumor genome, instead comprises of multiple genomes that have heterogeneity. "Gene model" and "CSC model" are harmonized when synthesizing genetic diversity, non-genetic influences like epigenetic modification, and nontumor cell elements (tumor microenvironment) which are all involved in intratumoral heterogeneity. 10 The origins of CSCs are putative by three theories: a normal stem cell, a normal committed progenitor cell, or a transit-amplifying cell which possesses limited differentiation potential and selfrenewal capability similarity with a stem cell.
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CSCs are at the helm of tumor hierarchy owning functional traits, unlimited self-renewal potential, quiescent or slow-cycling states, and increased resistance to conventional therapies, which contribute to tumorigenesis, recurrence, and metastasis. 12 The dormancy of CSCs can explain the undetectable persistence of a tumor for a period of time even though a patient responds clinically after therapy until malignancy relapse exists in primary or secondary tumor site. 13 Plasticity of CSCs confers the reversible dynamic change between non-CSC state and CSC state mediated by tumor microenvironment and tumor niche which facilitates the intricacy and heterogeneity of a tumor. 14 The theories involved in CSCs resulting in carcinogenesis include chemical carcinogenesis, infection, mutation, or epigenetic changes. 15 Cancer is an ecosystem, where CSC is on the apex of the pyramid of this ecosystem that is controlled by intricate hierarchical organization of CSCs. The clinical significance of CSC refers to many fields including detecting prognostic outcome, chemoresistance, radiation resistance, dissemination/anoikis resistance, immune system evasion, dormancy, and field cancerization which enlarge the dimensionality of cancer research. 14 To date, many surface markers have been identified on CSCs, secreting specific molecular, interacting specific signal pathway. Many signal pathways mediate various CSC traits including the Janus-activated kinase/signal transducer and activator of transcription, Hedgehog, Wnt, Notch, phosphatidylinositol, 3-kinase/phosphatase and tensin homolog, and nuclear factor-kB signaling pathways. 16 Ovarian cancer is the most lethal gynecologic malignancy. Globally, it is a significant reason of morbidity and mortality in females, with rising rates in economically underdeveloped countries and increasing case numbers in highincome countries as a result of population aging, with sharp recurrence and improving malignancy and 5-year survival rates below 45%. 17 OCSCs have been found in human epithelial cancer more than a decade ago. 2 Both biological and clinical characterizations of ovarian cancer prove it as a prototypical example of CSC-driven disease. 18 OCSCs can explain primary tumor growth, metastasis, relapse, and conventional therapy resistance of ovarian cancer. 19 There is also a relationship between OCSCs and epithelial-mesenchymal transformation (EMT), which leads to the genetic alteration in cancer and is a mechanism under angiogenesis and chemotherapy resistance. 20 Some surface markers have been found in OCSCs, including CD133, CD44, CD47. Some functional markers such as ALDH1 are under intensive research, too. Indeed, there is no stringent distinction between surface markers and functional markers because they all participate in tumorigenesis and progression and are called "marker." Various signal pathways that play a significant role in ovarian cancer have been researched, including Wnt/β-catenin, NOTCH, IL6/ JAK/STAT3, Hedgehog, NFκB, PI3K/AKT, TLR2-MyD88-NFκB, HMGA1, PKCι/Ect2/ERK, YAP/TEAD, and hypoxia/ NOTCH1/SOX2. 18 Traditional therapy strategies based on 
The epigenetic modifications involved in the CSCs and OCSCs
Epigenetics refers to heritable traits that can be inherited from parent cells by daughter cells and are not caused by changes in the DNA sequence through meiotic or mitotic division. Epigenetic regulation mechanisms include DNA methylation, histone modification, chromatin remodeling, and modulation by noncoding RNAs. 21 During cancer growth, the epigenome of cancer cells is consistently determined or regulated by cellintrinsic/extrinsic mechanisms. Meanwhile, a subpopulation of cells (CSCs) in the tumor are conferred stemness, which refers to self-renewal and differentiation. First, epigenetic dysregulation plays an important role in the formation of CSCs, and then epigenetic mechanisms maintain the hierarchical organization of cancer controlled by CSCs. 22 Epigenetic modifications play two distinct roles, namely inhibiting the majority of cancer cells to self-renew to constitute hierarchies and sustaining the subsection of CSC stemness. Dynamic epigenetic states have been implicated in the reversible transition from CSCs to non-CSCs and vice versa which is called plasticity and may be a confusion of the deterministic identity of CSCs. Among epigenetic mechanism, DNA methylation is integral to the formation of CSCs in cancer biology. For example, promoter methylation and histone modifications controlled the transcription of CD133, which is a cell surface marker protein of CSCs in many cancer types and is widely detected to identify OCSCs. The extent of DNA methylation of P2 promoter of CD133 is inversely relevant for CD133 transcription level, and CD133
-cells sorted from epithelial ovarian cancer are treated with DNA methyltransferase and histone deacetylase inhibitors expressed increasing CD133 surface markers. 23 Methylation abnormalities are essential in the process of CSC formation in the first step of cancer.
The surface markers or functional markers on OCSCs as the immunotherapy targets
Many markers on OCSCs have been reported so far, and some of them have been targets for immunotherapy. Considering the physiological and pathological traits of these markers and their current implication is stable evidence for further innovated therapy.
CD133
CD133 (prominin-1) is a transmembrane glycoprotein and was first described as a specific marker of human hematopoietic progenitor cells. 24 It is a surface marker to identify various cancer types, such as brain cancer, 25 colorectal cancer, 26 breast cancer, 27 neck and head cancer, 28 and liver cancer. 29 It can define a TIC population in human ovarian cancer as CD133 + and CD133 -cells are sorted, respectively and primary uncultured ovarian cancer cells are injected into non-obese diabetes/SCID mice and then the CD133 + cells increasingly generated a heterogeneous tumor as the primary cancer. 30 In addition, CD133 mRNA levels were inversely correlated to the DNA methylation status of the CpG sites for ovarian cancer which is regulated by epigenetic mechanism. 31 CD133 expression is an independent predictor of poor prognosis which can reduce disease-free survival time for patients with ovarian cancer. 32 Other investigations also described an inconsistent phenomenon that CD133
-cells can induce the same characteristics as CD133 + cells, which questions whether the specificity of CD133 to identify CSCs and the glycosylation status of CD133 may be more relevant to the function of CD133 in CSCs.
24

CD44
CD44 is a cell surface glycoprotein and the receptor of hyaluronan, a component of the extracellular matrix and the interaction of them has been proved to be associated with a variety of signal transduction pathways such as Nanog and EGFR-Ras-ERK.
18 CD44 can be expressed on both somatic cells and CSCs, which is associated to the sphere forming, self-renewing, chemo-resistance, tumor-initiating, proliferation, and invasiveness of CSCs in preclinical experiments. 33, 34 The expression of CD44 is promoted during EMT, which is involved in the acquisition of stemness of epithelial tumor cells.
35 CD44/CD44v isoforms have been identified to isolate and enrich CSCs in various types of malignancies, such as head and neck cancer, 36 lung cancer, 37 gastric cancer, 38 pancreatic cancer, 39 colon cancer, 40 and ovarian cancer. [41] [42] [43] As for ovarian cancer, a study had suggested that CD44
+ CD24 -identifies a group of CSC-like cells from ovarian adenocarcinoma cell line 3AO, and these cells can differentiate into CD44 +
CD24
+ cells and are obviously resistant to carboplatin and paclitaxel therapy. 42 Especially, CD44 splice variants have exclusive roles in tumorigenesis, such
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wang et al as CD44v6 expression is associated with poor prognosis and metastasis. 44 CD44v7/8 has been employed as engineered cytotoxic T-cell immunotherapy target for cervical cancer and has shown a promising prospect. 45 However, some studies have suggested that CD44 + tumor cells induce a significantly shorter disease-free survival than the CD44 -group. On the contrary, other studies have suggested high CD44 expression resulting in improved ovarian cancer outcome, although these inconsistences could be attributed to technical factors, and there is still an ambiguous inherence of CD44 in the CSC model.
33
CD47
CD47 is a transmembrane protein which is the ligand for signal regulatory protein-alpha (SIRPα) and secretes matricellular protein thrombospondin-1. 46 Substantially, CD47 is an overexpressed surface marker on all human cancers, because its combination with SIRPα sends a "don't attack me" signal for phagocytic cells, which inhibits macrophagemediated destruction to evade immune surveillance that is the foremost step in CSC tumorigenesis. 47 Higher CD47 expression is significantly correlated with poor prognosis of high-grade serous ovarian carcinoma patients.
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ALDH1
Aldehyde dehydrogenases (ALDHs) are enzymes that promote the oxidation of aldehyde substrates to their corresponding carboxylic acids. ALDH1 is a functional marker on OCSCs, while there is no obvious barrier when considering the specificity to identify OCSCs provided this marker can be detected by modern assays, but the functional marker which is not expressed on the cell surface may not be adapted to direct target therapies. Within the ALDH family, which is composed of 19 isoforms with similar catalytic functions, the ALDH1 subgroup is particularly active in normal cells and CSCs. Particularly, ALDH1A1 is exploited more widely in many different cancer types of CSCs than ALDH1A2 and ALDH1A3 in ALDH1 isozymes. 49 ALDH1 is expressed on the cancer cell surface as a molecular pump to efflux chemotherapeutic agents which is the mechanism underlying chemo-resistance in CSCs. 18 A recent study has shown that the evolution of surface markers (CD133 and ALDH1) expressed on high-grade serous OCSCs has changed from primary ovarian cancers to recurrent ones and CD133 and ALDH1 coexpression is an independent factor for poor prognosis. 50 However, a study suggested that ALDH is superior to CD133, serving as a marker to identify OCSCs, as ALDH is correlated with spheroid formation and tumor forming capability. 51 
Others
There are some other surface markers to distinguish OCSCs such as epithelial cell adhesion molecule (EpCAM), CD117, and CD24 or functional factors such as transcription factor SOX2 and VAV3. [52] [53] [54] [55] EpCAM (also named CD326) is a Ca 2+ -independent cell adhesion molecule expressed on the basolateral surfaces of most epithelial cells. 56 It can distinguish CSCs of colon cancer, 57 prostate cancer, 4 ovarian cancer, 58 pancreatic cancer, 59 lung cancer, breast cancer, and gastric cancer. 60 A marker found to distinguish OCSCs is never limited in ovarian cancer but overlaps many cancer types. In another context, to identify OCSCs always needs combined coexpression "marker pairs," such as Lgr5/ALDH1, 61 CD44/ CD117, 41 and ALDH/CD133. 62 The dual diversity reveals the commonness of various malignancies and the heterogeneity within one tumor. It is a drawback that none of these markers are exclusively within CSCs/OCSCs, but nowadays taking advantage of great disparity of expression levels on CSCs/ OCSCs when compared with normal tissues gives greater knowledge into immunotherapeutic strategies targeting these markers which is discussed in "Immune system and immunotherapeutic strategies relevant to CSCs/OCSCs".
Immune system and immunotherapeutic strategies relevant to CSCs/OCSCs
Immune surveillance is the barrier against tumor initiation. CSCs can use immune evasion to grow, differentiate, spread, and generate primary lesion and metastatic lesion. Nowadays, many immune-suppressive molecules have been identified including programmed cell death 1 (PD-1), programmed cell death 1 ligand 1 (PD1-L1), transforming growth factor β (TGF-β), cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4), B-and T-lymphocyte attenuator, and CD200. 11, 63 There is a hypothesis called "immunoediting," which indicates that the immune system plays a dual contradictory role in cancer not only suppressing tumor growth but also promoting tumor outgrowth with the ability of host-protection and tumor promotion. 64, 65 The innate mechanism underlying cancer and immune system needs more researches, and the role of CSCs in the immunoediting hypothesis has not been revealed yet. Because of the resistance to conventional therapeutic strategies of CSCs and the ability to recapitulate original tumor to be the source of recurrent tumor, the immunotherapy may be a processing way and has been partly proved in the clinic. There are many immunotherapeutic strategies targeting CSCs in various types of cancers, such as NK 
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-human breast CSCs with the upregulation of NKG2D (the receptor on NK cell) ligands ULBP1, ULBP2, and MICA on these CSCs. 67 
Cancer therapeutic vaccine
Cancer therapeutic vaccine requires the participation of innate and adaptive immunity of a patient by first stimulating the host by a tumor-specific antigen to activate large amounts of tumor antigen-specific cytotoxic T lymphocytes (CTLs) to remove tumor. 68 Cancer vaccine is superior to other therapy because the immunological memory will prevent cancer recurrence for a period. It has implication in the field of OCSCs therapy now. For example, Wu et al reported that the SKOV3 CD117 + CD44 + CSC vaccine depressed ovarian cancer growth in xenograft mice. This base-CD177/ CD44 vaccine can reduce the CD117 + CD44 + CSC and ALDH1-positive cell populations in the immunized mice with enhanced serum interferon-γ (IFN-γ), decreased TGF-β levels, and increased cytotoxic activity of NK cells. 69 CD117, CD44, and ALDH are specific surface markers of many types of cancers which can be targeted in ovarian cancer therapy.
Monoclonal antibody
Monoclonal antibody (mAb) immunotherapy uses antigenantibody response to exploit the immunocompetence of the host to remove the targeted cells, which resulted in mAb is widely detected for decades. The mechanism underlying it is to activate antibody-dependent cell-mediated cytotoxicity and complement-dependent cytotoxicity, inhibit receptormediated signaling, prime antigen-presenting cells, effector and memory T cells. 70 Many preclinical and clinical research studies have been exploring this therapy targeting CSCs, considering ovarian cancer is an aggressive malignancy, and mAbs targeting OCSCs are under intense scrutiny. For example, a study has examined the reactivity of anti-CD133 Mab CC188 to CD133
+ ovarian cancer cells which are believed to be OCSCs by using immunofluorescence staining methods and tissue microarray technique, and the results showed that Mab CC188-based imaging and therapeutic reagents may provide a promising method to detect ovarian tumors in an earlier stage and also in treatment. 71 Besides mAbs, antibody constructs that are designed flexibly can induce a more effective outcome, for instance, Catumaxomab, a trifunctional antibody construct consisting of two half antibodies, each with one light and one heavy chain that originate from parental mouse IgG2a and rat IgG2b isotypes which can bind to antigens CD133 and EpCAM. In a Phase II/III clinical study of patients suffering malignant ascites with advanced ovarian, gastric, pancreatic cancer and other origins, the results showed that CD133 + /EpCAM+ CSCs are vanished in the catumaxomab samples. 72 
Blockade of immune checkpoints
Immune checkpoints are cell surface molecules that are crucial for maintaining self-tolerance and regulating physiological immune responses by mediating co-inhibitory signaling pathways, such as CTLA-4, PD-1, and PD-L1 the antibodies of which can be blockers of immunosuppression. 73 These regulatory pathways result in a suppressive tumor microenvironment and tumor cell niche which is entrenched especially in CSCs that protect cancer cells. 74 Nowadays, clinical trials of antibodies of immune checkpoints in ovarian cancer have been partly completed and partly ongoing, for example, ipilimumab (anti-CTLA-4 antibody), nivolumab (anti-PD-1 antibody), avelumab (anti-PD-L1 antibody), which are clearly effective but still limited especially with some adverse effects, and those are reviewed by Mittica et al. 75 Recently, MYC, an oncogene code for a transcription factor which regulates the expression of CD47 (innate immune regulator and discussed above because of its role in cancer evading immune surveillance in the CSC tumorigenesis) and PD-L1 (adaptive immune checkpoint) are inactivated to enhance the antitumor immune response, and it will be an important implication in immunotherapy. 76 Until now, immune checkpoints in CSCs/OCSCs carcinogenesis are still interesting to be studied.
All those immunotherapeutic strategies have been shown to be effective in ovarian cancer to some extent, while there is a long way to go for an apparent cure in clinical practice. Nowadays, adoptive cellular immunotherapy has shed light on both hematologic and solid cancers. CAR-T cells have been a relatively successful method to mediate tumor rejection, especially in B-cell malignancies targeting CD19. In the present study, the basic conception of CAR, the current progression, and the possibility to employ this method in OCSCs are reviewed.
The promising immunotherapy CARs targeting OCSCs
CARs are recombinant receptors for specific antigen, which can reprogram the specificity and function of T lymphocytes or other immune cells such as NK cells. 8, 78 The basic approach of CAR is to redirect tumor targeted T cells, which is called CAR-T cells (CAR-T lymphocyte), bypassing major histocompatibility complex inducing immune reactions and leading to cytotoxicity. As an adoptive transfer immunotherapy, CAR-T has three primary components including the extracellular domain, transmembrane, and intracellular domain. The primary feature of the extracellular domain is the single-chain variable fragment (scFv) region which is a fusion protein of the variable regions of the heavy (VH) and light chains (VL) of an antibody specific for the antigen. The hinge/spacer and transmembrane domains are usually CD8α or CD28, which links the extramembrane domain and intramembrane and may contribute to the interaction with antigen and recruitment of signals resulting in immune activation of CAR. 79 Transmembrane domains can influence the immunogenicity depending on its length or flexibility. 80 The intracellular domain is to lead to T-cell activation. 81 It comprises CD3ζ chain and is often incorporated with costimulatory molecules that include CD27, CD28, CD134 (OX-40), and CD137 (4-1BB). These costimulatory molecules aid the signals that influence the proliferation and the persistence of the T cells. 82 CAR-T cells are separated by generation as the field has progressed. The first generation of CAR-T cells include only CD3ζ as an intracellular signaling domain. The second generation modifies the surface of the CAR and includes an additional costimulatory molecule like CD28. The third generation is on the basement of the second to add multiple costimulatory molecules on CAR such as OX-40/4-1BB (CD134/CD137). The fourth generation is significantly different in its function of releasing cytokines (IL-12) and is also known as T-cell redirected universal cytokine killing (TRUCK) (Figure 1 ). 83 The primary standard protocol of CAR-T design implemented from bench to bedside is of several steps. First, T cells are extracted from the patient. Second, the T cells 
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Ovarian cancer stem cells target immunotherapy that can recognize the specific antigen of the cancer cells are engineered in vitro and called CAR-T cells. Then, the CAR-T cells are cultured millions and billions fold. Next, these CAR-T cells are injected back into the patient. Finally, with the antitumor ability of the T cells, the patient is expected to be healed (Figure 2 ). In addition, many advanced reconstruction strategies have solved the branch problems of CAR-T cells. For example, the traditional autologous adoptive transfer strategy is not appropriate for patients with a distempered immune system to isolate enough T cells in both quantity and quality; hence, recently allogeneic adoptive cell transfer strategy is developing. The CAR-T cells with two genes (TRAC and B2M) disrupted can make allogeneic T cells (these T cells come from healthy donors) adapt in acceptors. Mutation in T-cell receptor α constant (TRAC) leads to loss of αβ TCR on T-cell surface to avoid graft-versus-host-disease. Destruction of B2M can interfere with the expression of HLA-Is. 84 Such gene reconstruction method enlarges the source of T cells for engineering. A study showed that disruption of endogenous PD1 pathway enhances the efficacy of gene disrupted allogeneic CAR-T cells by CRISPR/cas9 system, that is, triple simultaneous ablation of TCR, B2M, and PD1 of the engineered CAR-T cells improves antitumor ability. 85 Using CRISPR/Cas9 system to direct a CD19-specific CAR to TRAC locus results in uniform CAR expression in human peripheral blood T cells and enhances T-cell potency in a mouse model of acute lymphoblastic leukemia which has avoided random CAR transduction compared with conventional retrovirus or lentivirus transfection methods. 86 Nowadays, the success of CAR-T cells in hematological malignancies is inspiring, however is less in solid cancers, which is mainly due to the heterogeneity of a solid tumor and the complex protection of tumor microenvironment that can reduce T-cell trafficking or killing kinetics, loss of CAR expression, or exhaustion of CAR-T cells. 87 
The current application of CAR-T cells in CSCs
The CSCs on the top of the hierarchy cancer are the basement of the heterogeneity and interfere in many signals to communicate with microenvironment. Targeting CSCs can evade the barriers against solid cancers. Many preclinical and clinical research studies have been employed by designing CAR-T cells to target CSCs in cancer immunotherapy. + /CD8 + are more effective, and some studies reported using unselected PBMC, NK cells, and so on). Second, the selected T cells are activated by cytokines like IFN-γ, IL-2 to enter an activated state for transduction. Third, the CAR is assembled on the T cell by lentiviral vectors or others (there are many methods to transfect CAR-T cells which are not narrated in brief here). Then, the modified T cells are expanded to a large amount to sacrifice the magnitude against tumor cells in vivo. Ultimately, CAR-T cells are infused back into the patient and a complete remission will be expected. (C) The CAR recognizes the specific surface marker of OCSCs, activates adoptive cellular immune defense, collects cytokines, and induces perforin/granzyme mechanism to kill the target cells. Notably, CAR-T therapy targeting OCSCs should be combined with other therapeutic methods. Abbreviations: CAR, chimeric antigen receptor; OCSC, ovarian cancer stem cell; NK, natural killer; iFN, interferon; iL, interleukin; PBMC, peripheral blood mononuclear cell.
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wang et al A study using CAR-NK cells to target OCSCs in vitro which target CD133 on ovarian cancer cell lines and are combined with chemotherapy showed a strong antitumor capability. 8 A study showed that anti-AC133/CD133 + -specific CAR-T cells targeting glioblastoma stem cells have therapeutic efficacy against GBM both in vitro and in vivo, while CD57 expression on T cells is upregulated which CD57 is not a bona fide CSC marker for GBM. 5 EpCAM was targeted by CARs and the data demonstrated that anti-EpCAM-specific CARs had apparently antitumor capabilities in prostate cancer and peritoneal carcinomatosis in vitro and in vivo. 4, 88 Oncofetal antigen 5T4 is predominately expressed in nasopharyngeal carcinoma stem cell-like cells. CAR-T cells targeting 5T4 have anti-nasopharyngeal carcinoma ability when CARs are combined with cytokine-induced killer cells. 6 A CAR-T cocktail immunotherapy has been implied on a 52-year-old female with advanced CCA targeting EGFR and CD133 who had gained an 8.5-month partial response (PR) from anti-EGFR CAR and a 4.5-month PR from anti-CD133 CAR suffering from toxicities in the meanwhile (Table 1) . 7 As for CAR adoptive cellular immunotherapy in ovarian cancers, the first-generation CAR design targeting α-folate receptor (FR) was first practiced clinically in patients with ovarian cancer in 2006, although no reduction in tumor burden was seen in any patient. 90 There have been many studies on ovarian cancer using CAR, and the targets are various and targets are including MUC16, 91, 92 The promise and potential pitfalls of targeting OCSCs for CAR-T design
Targeting CSC markers to design CAR to eradicate tumor in vivo or in vitro, is there any advantage to capitalize it on OCSC markers to design CAR? In this scenario, there are three advantages: 1) Ovarian cancer has the tendency of recurrence after a period of clinical recovery from the primary foci, the biological behavior of which can be explained by "tumor stem cell model". 97 A myriad of research studies and practices in the last decades have identified the existence of OCSC population in ovarian cancer which is at the top of the pyramid of cancer ecosystem. Elimination of OCSCs and therapy targeting OCSCs are necessary to combat ovarian cancer; 2) CSCs can resist conventional therapy and in certain cancers have been observed to be enriched after conventional therapy which results in more dismal prognosis of chemotherapy and radiotherapy. 98 Immunotherapy has brought major clinical progressing in antitumor therapy. Adoptive cellular immunotherapy labeled by "targeting cancer" is the optimal method, in that, on the one hand it can capture tumor cells by specific reorganization, and on the other hand, it may avoid unpredictable non-cancer cell toxicities to protect normal tissues; and 3) The CAR-T cell is one of the adoptive cellular immunotherapies which come from the bench to the bedside in a more directive reconstruction pathway guided by clinical need in a shorter experimental period. It is independent of MHC-I presentation which is always downregulated in tumor cells especially in CSCs to evade immune system surveillance. Allogeneic T-cell transfer strategies can enlarge the source of T cells for CAR manufacture, 84 which will expand the production scale resulting in generic drugs for different 
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Ovarian cancer stem cells target immunotherapy patients. Furthermore, the immunogenicity of CARs should be averted to make CAR tools of choice for targeted cancer immunotherapies. 99 So far, only one study in vitro has reported about specifically targeting OCSCs by CAR design. 8 The paucity of specific markers to identify OCSCs is still pending urgent resolution. Ovarian cancer is intratumoral heterogeneous and harbors many pathology types which have different origins, 100 and there may be more than one group of OCSCs in a tumor; hence, the heterogeneity of OCSCs cannot be identified by the only marker or group of markers, in that, even the most common markers of OCSCs are found in only ,40% of tumors. 18 In addition, unexpected toxicities emerge even though CAR-T cells have been tested in vitro tests and then were applied in clinical trials including cytokine release syndrome, neurologic toxicity, "on target/off tumor" recognition, and anaphylaxis, which calls for more safe administration undoubtedly. 101 Although the CAR-T therapy has been hard-hitting therapy for numerous cancers, considering it as regimen for patients with ovarian cancer still has pitfalls. 1) Immunotherapy must combine other conventional therapies. Primary cytoreductive surgery should be considered as the gold standard to eliminate macroscopic foci for patients with advanced epithelial ovarian cancer. 102 Chemotherapy and radiotherapy have decreased mortality rate of ovarian cancer in last decades. Meanwhile, ovarian cancer cytoreduction can induce transformation of T-cell ratio in the tumor which will enhance immune function against cancer. 103 Epigenetic inhibitors such as DNA demethylation agents were examined in the clinic against chemotherapy-resistant ovarian cancer. 104 Since the management of ovarian cancer needs is a multidisciplinary teamwork, 105 "combination" is the headline of individual therapy referring to surgery, chemotherapy, epigenetic drugs, and immunotherapy. 2) OCSC is a rare population of the cancer; CAR designed for CSCs must combine with other immunotherapies such as the blockade of immune checkpoints, antibodies, and innate immunotherapy. Within CAR design, modifying more function parts is under hot investigation. For example, "combinatorial antigen recognition with balanced signaling" is an engineered T cell designed with a CAR and a chimeric costimulatory receptor (CCR). The CAR and CCR can recognize respective antigens which suggests that only when the two antigens are on the tumor cell surface, this CAR-T can kill the tumor cell. 106 This way could suit OCSCs well because there are coexpression markers on OCSCs such as CD133 + /EpCAM+, and this way will improve the specificity of CAR-T cells by preventing healthy cells from killing which is called "on antigen off target" effect. Different CAR-T cells can be used in the same patient targeting antigens sequentially which is called cocktail therapy, such as the case reported on a female with advanced CCA who was treated with targeting EGFR CAR-T cells and anti-CD133 CAR-T cells and had mitigation when considering the disease progression. 7 3) A certain marker or a group of markers specific for CSCs that can be used to identify CSCs as an exact standard has not yet been found. Different markers can be found in the same cancer type which may imply that heterogeneity is not only in a tumor but also exists inside CSCs, so what is the earliest ancestor of CSCs is not certain yet or the current pathology cancer type standard does not suit for CSCs to match the disease. Some surface markers of stem cells are not always carried on the CSCs, which may be replaced by non-CSCs making up the bulk of tumor, so "relying on markers will fool you," suggesting that the identification of CSC and non-CSC is not consistent indeed. 107 It is probably due to that some non-CSCs can dedifferentiate into CSCs with a dynamic transformation. The therapy targeting CSCs should be combined not only mutually in the same treatment course but also in a scheme containing different steps of the tumor progressing in macro and various cell cycles in micro which is rigorously individual for every patient. 4) The most ideal markers on OCSCs as CAR-T antigens have not yet been discovered to our knowledge. For instance, CD133 which is the most widely investigated in CSCs of many cancer types is expressed in normal brain tissues, hematopoietic stem cells, and endothelial progenitor cells. 24 Anti-CD133 CAR-T may result in toxicity for normal tissues ("on antigen off target") without combined balance modification in CAR design to avoid side effects. More safe and effective strategies about CAR-T cells and immunotherapy by combination with other conventional therapy to eliminate cancer need further research.
Conclusion
The knowledge of cellular and molecular mechanisms underlying CSC characterizations is still very limited to explain the whole process of architecting the cancer bulk. CSCs in ovarian cancer (OCSCs) are a rare and elusive population which cannot be used to explain all the pathology behaviors of ovarian cancer although many markers have been identified and used in therapy such as CD133, CD47, CD44, ALDH1. Studies of epigenetic mechanisms and signal pathways may explore the concealing information behind the markers of CSCs/OCSCs, which will reveal the pathogenesis and prognosis of cancer. A novel marker identifying OCSCs may emerge in the future ideally meanwhile the current markers submit your manuscript | www.dovepress.com
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wang et al should be taken into account to optimize the genetic and epigenetic mechanisms underlying ovarian cancer primary formation, aggressive progression, and unanticipated relapse and metastases. The connection between immune system and ovarian cancer is not constant when synthetizing immune surveillance, immune evasion, and immune editing which can be taken advantage of for therapy. CAR-T cell adoptive cellular immunotherapy shows efficacy in some cancers when targeting CSC markers for ovarian cancer which is an optional candidate based on CAR construction method and specificity of OCSC antigen. Immunotherapies will not be isolated from traditional therapies like surgery, chemotherapy, and radiotherapy, and epigenetic drugs. Meanwhile, protection management to reduce adverse events and administration of regimens must be stringent in further research studies.
